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OF THE XB ... 33 AIRPLANE r 'JCLUDnrG SECTIONS WITH 
S1CT'.~ED FLA.P AFD AlDERONS 
13y- Ira r: . Abbott 
DITRODUCT ION 
At the request of the l:iaturi\.;' COf1inand, :,rmy Air Forces , tests 
were made in t:1e Langley t :w- dir;en2ional tunnel of four m~)(lcls 3U::' -
mitted by the 0'_enn L, Martin Comp&ny as intermediate sect;_ons of the 
·vring of the XB- 33 airplane . The Tflode13 were of 2G-inch chord and 
were constru..::te<..l of wood with ··~ressure-dt;,trj bution orifices . T1.le 
md.el.s v;ere identifj 8L b7 station numbers of 8S , 250, 430, and 620, 
respectively , 01 the wi:1.g of the;' X 3-3~i airplnne . Thic wins is 
fOrl'led by fairing between an NACA t) , 2- 222 a ~ 1 root cectio:l. and 
an N.A_CA 6:;,2 -1.1:; a = 0 . :; tip section. 
, 
Sections n.1T'1ber 35 ano. L~30 \':131'8 represented b~r siT'1ple airfoil 
mcdels va tnout -,-'laps . 
Section num'oer 250 was repru:"'nt8u by a model complete with 
slotted flap . Test:;; on this sectbn incJ.ud(3Ll lift , d/'ag , and 
pressure-distributio!1 measu.rements \''i t.h various flap dcflecticl!l:J . 
Several alterations cf the flap (lEd several alter;1ate flap positions 
were tested to obtain i. npruved fJ.2P ch~racte::,istics . 
Section ~umber 620 ',as rerresented bj a model vii. th alternate 
ailerons of tht" :i.'rise 3.'1d ; nterna:'...-halnr..ce types . 'l\:sts of tris 
section inc:"'uncd lift , drac, hin3C - :rlOl'1ent and press' re-dictribution 
measurements wit"I various deflectio1s of each aileron . The ailcro~ 
hinge moments were obtained by- integrction of _~recsure distributions 
over the ailerons . 
Mos-:, of the data ",rere obtained at a Reynolds number of approxi-
mately 6 milli:m alt 10ugh some data ,rerE.; obtained at a?proximc~tely 
3 and 10 million . The large number of prescul~e -Jj s-r..ribution dj agrams 
obtained are not presc>nted i_n th; ~3' report • . 
2 
Lift and orae, measlll'e r1ont,] were made by t~8 methods des cribed 
in r0fercncc 1. The Inor,:on~ coef:~ic::'ents )r'e,en+,cd y;ere alltained by 
il1te~ration of the di.agr8:n.3 o'utail'c:i by p2.ot tin6 ::",e prcsGures 8gainst 
t:18 ~l'cjection of thE:: or~ ficG ] ovations 011 tLw ChOl~d lina . ' . .'h,se 
r.,,:)J"le~lt coe:::'ficiE.,'1tr: accordir.ol~r d(l ,lot contRin the component of 
mO;1eL11. associated y,itl' -t11.e cl.1ord :~orce . 
/.':"lcron h-:'ng,~-m()me':t coe::.f 1 ie'TLs \'erl; O';)t·Qi!1.Gd fr01'1 pressure-
d istributioll mU8.S'..ll'e;,lnn~s . 'b tlyi s Ct..:1e 1,\:0 cii::tr rJ.!Ttf "'er,·; inter-rated 
t.) oht:.aill each nOl!1E"nt cOf,f l'i c:i('n-~, the ·'re8S,11'8..:1 l.Jein,::- olot t,I;cl , 
r ()sreci:ivcly, aC<J.ii!st thE' oTL'-i co Pl'(;'lj'c1Gtil'):-JS 0;-1 t!12 rcferc:wc line 
and on ::t line ·,xr.1End::"cula:' to til': refo.l'cn(:e :;.i:~::l 0 :;:n 0 ~''1e GCli38S , 
es:,ecial:ty for ller~i).ti va L.e~.'~.e r:ti ().!c of::', e F-r: S8 ',.i:eron , the criflces 
were not lor:atco. 'iuj'f'ici8n'S:-":" clJ,j1 to:t t~10r l-O '--'.<"1 ~.n(:. aO.30u;:ttely the 
pt'es::m:.~e distr:buGion t~1US intrC':iu\..,~ng a 7)S,Sible err)r j.ll the h-i.. l1be -
IJ1o:,!en-L coeffichnLf . 
1 
At th8 V.ne this report ';l2S (»~lL.'in~'Li.y !,1.iU.ishod, SOMG ()f t.he 
correc-\,:,ioDS re'-luirpd for r0r.l~ciLb -V 0 'VJct date:- tc .rr~;e-rd,l' con-
('::'1 tions h2.d not been c1...,tariiri,ner: . '1 he vaJ_w~" of '3cct::'on li.nt 
coe':f'icier.t C7 (i:'j,;c.:" t:: L) ,hr:~bc ,ill)' '.d 'J c!)rr~~;"~onc:il1:S to 
sthtions ('5 and 1130 S:1011lc1. >e :;CY":''';C ~ec1 1,y t!-. 0 equ2.ticn' 
c t :: 0 .965 c 1 -I- 0.007 ( co:~~r ct cd ) 
'T:'.e sec io!1. l::'f~ .o,"'f.f' ci"nt, .< F? "'-od81 '''' orrl,~'?()l''d,~J1f tn 
st3tion 250 (f-i :s . 6 ,J u <l.lC .rig,~ 11.1 t.c: :,i) . ,r:.m::'J : 8 c()Tr<;dod by 
the e1uation 
C1 _ Ou~~~ c, + h ( 01 r:;C'VK ~ 
where the val lie 'j 0:' Y 
d ""l . ' ., J O "'0° .8,L eCl..J.on8 0J , c :-
The sectio11 lift c0e:',:ic"i.,);-,t':J 0:' tt: .... :"~· .. 9' C"lT ':".vmd-i n::;:; -L,o 
station ll~O (-;'1 ~'--' . ZQ Lo :~(: ,:nd f'i.~3" 21~ to 26) chf)ul(, 1)8 Gor,'(~ct8d 
):-1 the eq'lation 
c~ = Cw9CS C t + 0.030 C 
(corrected) laclo 
where C is the sectbn lift c-,cffic:'ent at an a::l';l o of c'.:t:.tC'lck of 10 • 
Z ~ 0 (k:.l 
.3 
RESULT:) A'TD DIS"USS I ON 
Stations 135 and LYJ . - Lift aEd dras d2.ta obtained f or the models 
represen".:in~; w;.ng sestions at stations 05 '~md LJo are presented in 
f'l[;;1.1re3 1 t ,:' 40 '.::'he lift charactt::ristics cf 'the tViO section3 r.re 
3i.;!l} 12.r In:c0pt that the thinner 0 ,tb02.rd. secticn Sh01':S an appreciabl y 
1~i::'r'21' lilaxilllllr.l Jift cC'ei'i'ic~ ent thLn the i 11board section at the 
hi:. b3st lkfnoldD n'G.mtcr (f:LLS . 1 ,md 3) . },lso pl'eS8nted. in fj ·g1..1res 
1 (-Ind 3 are the mOLl(mt cG".lfficionts o.ssoci.:1.te rl v:ith th'3 nOl"rnal - fClrce 
coeffi.ci.:ntc; as otta ined fY'oN ur8:3SUT8 distributions . The minj ''lcCl 
dr. g coe:ficie~lts of th:; two 3~;ctj.ons (t'').g:.; 0 2 ft:l0. 4) are Y,early the 
same . G-...I.t.side the low- dr.?..;; ran€;3 t~10 dr ... ~; coeffidl.mt,3 increC'3C: 
rapj.dly 'Iii th lift coe.ffic'l.'Cn:.t . ReGent \1'10r]( (refej~eni':8 2) : .. ndic:otes 
that soct: . .JD'> <'.1[: ti'1ic 1: .1.:3 tl:nt at stGti')Il :-15 C.r8 critic .::~l to sepc!ration 
vihen3.cc:;,dental:;'x l'c'lGhe~led and tLet sl~ci'l 3ection~; nay 1'18V8 drag 
cocfficjents SJ hifh (fig . J 0_ l'8ioron,;e 2) 1'l}lI:m rJu::vh as to s3rioDsly 
ef~ect flig>t .:1.t cruising lift ('oeffic:i.G!1ts . TLese cat,: indc.::..td the 
desirdbilH,;r of roQuci..r;g t:1e V1ickrJe:)~ r:--.tio 0~ the :'.'oot. section. 
Station 2500- The] mx:e:' '.'h:i,C11 r:;l)re~lented tho 'xi.ng sGcti.)n at 
statioll 2:;(1 \ias equ.ip,)ecJ. .. d.th a slot Lec1 flap :.w shown in f:i.[ure 5. 
'l'ho flap arran,:;eJ:lent vms sueY' as to leave a (A.]) in tho lc'wer- sm'face 
when retracted . Lift Lnd dr.::-:g character:i.stics lor tl:e 1'1odr,1 are ~lresented in fi '.::ures 6 ant'. 7 fOl' flap deflections of 00 , 20° , 300 , 
and 40° . loor t:l<: fla;?-r'~tra<.;tGa condLtion , t·~st.s T'erc l.1{".dc T'ith the 
slot soal'Jd to prevent flm; thrOl:~h it ~'[ith .. ),Llt chanr8 in e;;:te:cn.1.l 
ccntcul' . 
The maxiJ.n.1"1 lift c08ffi'.~ients for flap deflcct:iJns of 300 cmd 
400 were '18D.rly the s."me , about ? 7 ("if:: . 6) . The drag ",i th the g<yl 
ope~ , i'lfq r ctrcwteu , v{as hirih (iiI, . '7) and th,::l Q.J.t.?.. shov>TCd coneJ.cier-
ahle sC<'lttel' "lhidl ~ G thoubht to be assoc~ atod l.!ith s panv!ise. :flow cf 
low-encr~J air in the gc:p into 01 ' ai ay from the surve:" pl::.l.~e , even 
though (~ams '[ere p12cecl in tile ,[tip to }Jrn.vent such flow from e;:tendinb 
Vtry frtl' alons tIle ..,pa:l . ~his cc.rllLi.ti'::,.l resulted in variatirm of the 
r:lf:"aS1.1rG(i d.l.'a: c03ff.i.ci::;:nts alan;; the span . The drat: C!l....rve in figure 7 
is dotted to indica;,e the e;;'~irr,ated d ""'.g coefficients . 
Sever'll ?.ltermte flr>p p,.:-s.; .. ~ions ~·erc t J!3tcd "-lt1. t1.8 i'lcp 
d<2floctc!c1 300 to st1.'cly the effec:" of f1al" po~it:i.on cn r:J.8.~~imurn L.ft . 
The resul t.s a·'e )rc.,sented :j.11 fi,~ure G. The i'lap was liloved lClr:.;J.IGl 
and ~er~endicula:r to the airfoil chord line .11'0)11 tile oriG~·na} position 
by amounts shorn in fif.yre G in fractions of t 18 airfo.i.l chord . T e 
beft position .,'as f01111;:l. to be O. Olc hi~';her t1.<ln and O. OOl)c ai't of the 
oY'igi.l 111 positio~ . T.he maXiT!T\.lTIl Eft c:Jefficient in this pO:3ition 
y;as 2. 8. 
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Several modificat ions of the flap as shovm i n figures 9 to 13 
W8re tested to dete:rminn tbe·i_l.' F):;:'fect . 
CO:1c1.i",:,ion A (fig . 9) re?rc3er..ted a buffer of rubber or other 
mat _l'iql in~srteJ in the slot in such a nanner as to seal it y,'i th 
tho flap retract8C! . This '10Ct' fic.:!tion cal.sed IHtle c'1an; e in li.ft 
charact~ristics (fig . It.) 2.!ld sm;;.ll change:.;Ln drag (fig . 7) with 
the flap deflect.ed 30° . 
Condition B (fiG . 10) renrese'1tcd 8 condition T,ith a iEler 
b10ci{ to fair out the e,;C'.p in the l or8 r surfacE: ~ .. t.i th flap retracted . 
Th~.s cone:ition wac rf~~rc;sent8ct b:r filling the gap v:it.':1 modeling clay 
1Ni ttl fla) r 8trc.ctcd <md bY' a :0Y'operly shaped piece of .... .JClOll \'li th flap 
deflected . This condition did n)t "ha. ge the Eft ch2racte:6stiGs 
lId. th flap retracted (fit; . 6) and -rol.1\.1C80 J" he draG coeffident , flap 
r etract ::od , hy about U. OOl in the 1 ":'''-c1ro.g ranee c:,s cQi;pared ni.th the 
orjginal cO)1rlition, [;o.p 0)0n and S}J)t sca·!.cd (fi,:: . 7) . Tl:e clra~ in 
thi.s c0nc.ition v,:as practicall:' that to 1:...8 (.x~)(~ct0.:d _·.';)r t.>.' p::'ain aj.r-
fo~.l . T:'18 naxi:-,:u:-l ~:"ft , hO' .. ev(.r, \,;as vo~.r lOT, .'·ith fJ..:,p G.8flected 
. 'h' "t' (r' -, 4) . ,. t· t' 1 of' ' t 1 In 'c, 1.8 COnCl] 1.on _ 1.[, . _'- ,.' l.nO.lea :ti1~ ,,10 :'leeu. 0.,. 20 llO::)l' . ,) C ()S8 
t~1e gap with Viis t;rpe of :~la) . 
Conch tions C and D (f:L:s . 11 and l~:) l'e:p:,'escnt c;,ttEm,pto to 
r8c;ucc the c~ra[ Tv.:. th flap ~18utrF 1 1'~.l.,h~:J11t ·!.:-t8 1.138 of a c1cOOI' by 
reducin:; the size of tho gap. T18 l"3sult:·] f>~1OY:8d tl12.t the filler 
blocks die' 110t reU1.'ce t~lG u!"a,-, ile.p j"ctracted (fiC . 15) , 2nd (~"l.Us8d 
losses in ma.:~im11.J'1l lift coel'fident U:iG . Ih) . 
Condition E (ii~ . 13) 'I','as a :lLld:U'i :a.tion of tll'~ slot entt'J' by 
cutt:bg it back to an allele of 53° fro~n the chord line ri ·l.,h no rae.ius 
at the intersection ",'8. th t~'1e 101':31' surface . CO'-ldi tion F 1'12 s the same 
as Condition E Fith the addition of a shutter such as mic-ht be m~ed 
to royolve and close the gap Hith th~ flap retracted . These modif:L-
cations wc:re te:oted 'with the f'..8.:> d.eflected 300 in the position 
previot sly founc: to he bGs'~, (fi£ . 8) . The lift characteristics 
obtained are shown in figure 16. '}.'he rnro:iinl~m 1ift obtained with 
either modification was abo:.tt tb3 same as for the origi!'al cO:.1.dition 
vii th the flap in the be.3·~ position (fi.:; . 3 ). The drae; characteristic;, 
of Condition E, vd. th flap defl'3ctcL 300 , ar~ ::lin.ilar to those for 
the originai condition (::'i;;s . 7 ane 17) , b'lt the addition of the 
shutt0Y' (Conc.,ition F) CaLl.sec:. an oppreciabl -; increase in drag at iift 
coeffici8nt3 b810", about 1 . 7 (:fis" 1.7) . Tne s~ale effects on the 
lift characteristics vii th flf'p r3trQct 0d and de.nectcYl 300 in the 
ori~inal condition, but in the best position found , ;:.:re shO-Nn by the 
lift curves of fiGure 10. The n,azil':1l.l.:n lift co(;fficient, flap deflected, 
increased from o.bout 2. 0 to 2. 9 \';'it~1 <.,n inGrease in Reynolds number 
from about 6 to 10 million. 
Station 620.,- The r~odcl representing station 620 was fitt ed nith 
t~'{Q aileron~ , one of whj.ch was of tIle Fr:i.38 '~ype (fj g . 1/) 0 Lift 
and drat: characteristics of this lTI::>oel 1'.'1. th various defl ec t :i..ons of the 
Fris8 'aile:i.~on are pres::mtcd in fi.:ures 20 and 21. Hinge moment~~ 
obtained from pressure-distri"'ut~.on me?-surement s and cro,:;s plol::> of 
lift coefficiep.ts ag<,inst .-:ileron dcflrction a t vnrious D.nGles of 
attack ar e shoviTI in figure 22 . Complete hinbe - ;loment coefficient 
Clrves were obtained only at c:.n::;les of attack of 2 . 20 and Ih ~5° . 
The <.lccuracy of the hinge-mo':lent c')effj.cients is sor.;':'!1'!hat do bL~ul , 
es pecially for negative aileron deflections , because the aiJ.er on 
conta ined too few pressu.re or) fice~; to adequateJ.y des cribe tIle pr'cssure 
distributions . 
The other aile'ron was o+: the j nt81'nQJ.- balanc'3 type (fig . 23 ) , 
and dat e1 si.miJ ar to th3.t ·o'otC1. inecl for thG .'rise aileron were originally 
obtained o'3fore t est of tlJ.e FrLe ail.eron . 1'h8 model I,-as later re -
assei.Jbled 'i:if.h the int0rnul- D.clance aiJ eron Mel r etested to obtain 
t he more nearly cOffiDJ.et€ neta pr, sentl';(l. in f:i.gw.'GS 21.1. to 26 . The 
acc'lracy of the hings - P1o:7l'cmt data for this aile~.'on is belie'/ed t.o be 
better than for the Frj_se aileron h('C:.1:US(·~ t'lC ~reGsure dist rihllt.ions 
were better descri0eci. "Jy the pr0ss'lre or··.fL:es . 
The h~Lngo-mOTTlent coei'fi cic:lts pr"sentoLl for thf,; j nt~;rn[11 -'!-)c-.l~nce 
aileron contain bn est~mate of the })alcs.'1c:"n~:~ mCJ"1ent rcsulttng from 
the seal or curtain . This rno .,ent Wc.s o.SS1.:.l1l8d to he equal to that 
resulting from tl:'1e a~)pli:::ations of a forcE'; D.t the point of atta ch-llent 
of. t::e curtain t o· t Ile aileron . Th;.s force 'ras as:1UI~~(i to act at an 
arm of O. 504~A (fiE _ 23 ) &nd to be equal to 
, . ~8CL 
--';':; L~P 
2 
, . 
where 6P was the pressure diff'erence across the seal -(fi~ . 23) . 
The tv;o ailerons are of about eqllal ef.f'ectivrmess (fi::;s . 20, 22 , 
24, and 26) . The shift of the lift C1..lrV0 f or the j,nternc: l - bali'1 n,::e 
aileron as cOlr.paren. lNi.th tllc Frise aileron (fibS . 20 Clnd 24) is 
as crj_bed to -'rarpaEe of V1e Dodel before tl:e retest of the intel'nal -
balance aileron . The fir st tests l'd.ttl thi3 aileron did not. shov, such 
a shift . It is t.honght c,r at general conclusions , Vii. th re ..., ;?oct to 
h i':lge momepts and effectiveness , are not se:-iously affected by t 1is 
chan[;e in the modeL 
The dra:I coefficients fo r the Frise aileron are abou.t 10- per cent 
hif;hs r than i'or the internal-b.J.lance aileron in tJ1e 10Yf- dr<.lb range , 
aHeron neutral (f igs . 21 anc: 2S) . 
6 
'l'}:-,~ hJnge - rnoment, coeff'icients .f'ar tho, F:,is~ aUerun·('f:l.t;, 22) 
Sh01!i i,'11; t;.rrical tendency to overba12.nce for ne;:;a.tive deflections, 
"me' rutho.:' larse ~;n1:Jala.ncin[" laOffi,mt5 .fur pos iti'le deflection:, . T:-le 
h:l.nf::G '""!llrn;Kmt c(;efficir~nts for t.:18 illtern'3.1- balance 2i lpron (fi~ . 26) 
a1";> ~;er:ur;:.J.ly small.3r than f:)y the Frit~o aileron an~ s how a sli:.;ht 
ttmcbnc;',c t.o ov~;r'.:lalanc e f,)I' certain comui'1ations of aileron 
j(;[J.')stion ,000n ·1 3Il~le 01 attack. 'l'118 r .:;te 01 chan[.e of hinge- P'Oli1e:r[:, 
COG.f.l':",~ic:lt8 1':l~h anLle of attack ic Sl7!alJ.er for the internal- balance 
aileron th;}n for "uhe ~ileron . 
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